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1. INTRODUCTION 

RWDI AIR Inc. (RWDI) was retained by Goshen Wind, LP (Goshen Wind) to conduct an Acoustic Audit 

(emission and immission) of the Goshen Wind Energy Centre transformer substation. The Renewable 

Energy Approval (REA) for the Goshen Wind Energy Centre (including the transformer), was approved 

based on the Noise Impact Assessment report (NIA) which was submitted in July 2014. 

The intent of this audit is to satisfy Condition E3 of the REA which requires the wind facility to complete 

an acoustic audit of the Goshen transformer substation. A copy of the facility’s REA, number 0558-

9GUJ8T dated July 24, 2014, is provided in Appendix A. 

The acoustic audit was conducted to meet the requirements of Ministry of the Environment and Climate 

Change (MOECC) publication NPC-103. This report has been completed following the requirements 

outlined in MOECC publication NPC-233. 

2. FACILITY AND NOISE SOURCE DESCRIPTION 

The project is owned by Goshen Wind G.P., ULC, as general partner for and on behalf of Goshen Wind, 

LP. The Goshen Wind Energy Centre became commercially operational in January 28, 2015. 

The Goshen Wind Energy Centre consists of sixty-two General Electric 1.6-100 wind turbine generators, 

one General Electric 1.56-100 turbine generator and one 115 MVA transformer substation in the project 

switchyard. The Goshen transformer substation is located near the intersection of Parr Line and Victoria 

Road, in South Huron County, Ontario. Schematics of the transformer are provided by the operator and 

are included in Appendix B. A photograph of a similar transformer measurement setup is also included in 

Appendix B. 

The source of concern at the Goshen substation is sound generated from the transformer cooling fans. 

Noise generated from the transformer body is quite minimal. Based on information provided by the 

operator, the Goshen transformer substation was estimated to be functioning between 4 to 29% of total 

load during the audit measurement. Higher transformer load conditions can occur under higher wind 

speeds, however the cooling fan noise is dominant and does not change with transformer load (i.e., 

sound level is tied to fan speed).  Further, higher ambient wind speeds introduce potential contamination 

of sound levels due to wind-generated noise at the microphone and provides additional masking of 

transformer sound from ambient sources (e.g., grass, trees) making source measurements problematic. 

The assessed condition is considered to be representative of worst-case transformer sound emissions.  

Wind speed measurements reported are at ground level conditions. Wind speeds at turbine hub height 

would generally be higher than those measured at ground level. 
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3. INSPECTION OF MITIGATION MEASURES 

Sound pressure level (SPL) measurements of the transformers were conducted on May 21, 2015. During 

the site visit, the implementation of the noise control measures described in the NIA Reports were 

inspected and verified. The general dimensions of the noise barrier surrounding the transformer were 

observed to conform to the dimension described in Section 4.2 of the July 2014 NIA report, as required in 

Schedule B of the REA. The barrier is constructed out of high-density plastic filled with an acoustically-

absorptive material that is specified to meet the minimum surface density requirements. 

4. ACOUSTIC AUDIT PROCEDURE 

The acoustic audits (emission and immission) of the transformers were conducted to determine if they are 

in compliance with the limits specified in the NIA. Measurements were conducted in accordance with the 

applicable portions of ISO 3744:2010(E), ISO 3746:2010, IEEE C57.12.90-2010 measurement standards 

and the MOE publication NPC-103 (MOE, 1978). The audit measurements were conducted using 

Larson-Davis model 824 precision integrating sound level meters. Field calibration checks were 

conducted before and after the measurements and no drift of concern was noted. Information pertaining 

to the sound level measurement equipment is provided in Appendix C. Weather conditions observed at 

ground level during the measurement period are summarized in Appendix D. 

4.1 Emission 

The emission acoustic audit involved measurements of the transformer in both the ONAN state (cooling 

fans off) and the ONAF state (cooling fans on). The cooling fans on the transformers were manually 

turned on and were operational during the duration of the ONAF portion of the audit. Measurements 

occurred during wind conditions suitable to provide adequate load to the transformers. Measurements 

were paused for extraneous high-level events such as nearby vehicle traffic and high wind gusts. 

Transformers were measured at both 1/3 and 2/3 of the total height and at 1 m longitudinal intervals, as 

per the IEEE C57.12.90-2010 standard. A diagram of the measurement point locations and summaries of 

the emission sound pressure levels are included in Appendix E. 

4.2 Immission 

The immission acoustic audit involved measurements to determine the transformer’s contribution at 

nearby sensitive receptors. Location of the nearest sensitive receptor is shown in Figure 1. Spot 

measurements and objective tonal audibility checks were done by RWDI personnel during the audit at the 

receptors. No tones were audible at the nearby points of reception during the site visit. 
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5. ASSESSMENT OF COMPLIANCE 

5.1 Emission 

The Goshen substation transformer sound power level was determined using the process outlined in the 

IEEE standard and results are summarized in Table 1 below. Per NPC-103, no tonality was detected at 

the receptors during the audit. A measured spectrum near the receptor demonstrating this result is shown 

in Figures 2 and 3 for ONAF and ONAN conditions, respectively. As a result, a tonal penalty was not 

applied to the calculation or resulting sound power level. The calculated sound power level of the Goshen 

substation transformer is below the limits outlined in the REA. 

Table 1 - Goshen Transformer Substation Sound Power Level 

Transformer 
State 

Measured Average 
Sound Pressure Level 

(dBA) 

Resulting 
Transformer Sound 

Power Level 
(dBA)

 

REA Guideline 
 Limits 
(dBA)

 

Compliance? 
(Yes/No) 

ONAN 65.9 81.2 104.1 Yes 

ONAF 71.5 93.6 104.1 Yes 

5.2 Immission 

The receptor confirmation measurements were conducted close to the fence line of the transformer 

facility in line with the surrounding point of reception in Figure 1. Measurements at the receptor were not 

technically feasible due to high ambient sound levels caused by vehicle pass-bys and contributions from 

nearby turbines. Hence, the sound level at the receptor was determined by extrapolating the measured 

fence line level to the point of reception (i.e., R1). This extrapolation is anticipated to be conservative as it 

only accounts for geometric spreading (i.e., distance attenuation). The measurement results for the worst-

case receptor during the transformer ONAF condition are summarized in Table 2 below. 

Table 2 - Goshen Transformer Substation Receptor Sound Pressure Levels for ONAF 

Location 
Receptor 

ID
[2]

 

Sound 
Pressure 

Level 
(dBA) 

REA 
Guideline 

 Limits 
(dBA)

 

Compliance? 
(Yes/No) 

25 m northeast of the transformer R1 50.6 - N/A 

At the receptor (815 m northeast of the 
transformer) 

R1 20
[1]

 40 Yes 

[1] Estimated based on distance propagation. 

[2] Receptor R1 is identified as receptor “GSH2053” in the NIA report. 
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The dominant noise source near receptor R1 (i.e., GSH2053 in the NIA report) is turbine WTG75. Since 

the estimated transformer contribution at R1 (i.e., 20 dBA) is more than 10 dB lower than the REA limit, 

the combined sum of the transformer and surrounding turbine sound will meet the REA guideline limit 

even if the turbine contributions are 40 dBA (i.e., 20 dBA + 40 dBA = 40 dBA). 

6. CONCLUSION 

This audit report satisfies Condition E3 in the REA for the Goshen Wind Energy Centre. The results of the 

audit measurements for the transformers at the Goshen Wind Energy Centre indicate that the site is in 

compliance with the limits listed in the REA. 
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IEEE Standard C.57.12.90-2010, 2010, Test Code for Liquid-Immersed Distribution, Power, and 

Regulating Transformers  

International Organization for Standardization (ISO), 2010, International Standard ISO-3744:2010(E). 

Acoustics –Determination of sound power levels of noise sources using sound pressure. 

Engineering method in an essentially free field over a reflecting plane 

International Organization for Standardization (ISO), 2010, International Standard ISO-3746:2010(E). 

Acoustics – Determination of sound power levels of noise sources using sound pressure. Survey 

method using an enveloping measurement surface over a reflecting plane 

Ontario Ministry of the Environment (MOE), 1978, Model Municipal Noise Control Bylaw, which includes 

Publication NPC-103 – Procedures, and Publication NPC-104 – Sound Level Adjustments 

Ontario Ministry of the Environment (MOE), 2010, Publication NPC-233, Information to be Submitted for 

Approval of Stationary Sources of Sound 
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MEASUREMENT EQUIPMENT

Last Modified: January 9, 2007

Sound Level Meter 824 Kit 1
Sound Level Meter

Make and Model Larson-Davis Model 824 SLM and RTA

Serial No. 824A0450

Pre-amplifier

Make and Model Larson-Davis Model PRM902

Serial No. 0836

Microphone

Make and Model Larson-Davis Model 2559 precision air-condenser microphone

Serial No. 3020

Calibrator

Make and Model Larson-Davis CAL200 precision acoustic calibrator (1000 Hz)

Serial No. 3192
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Goshen Wind Farm, 1500886

Measurement Date 21/05/2015

Wind Speed 3 to 4 m/s (gusting to 5 m/s)

Temperature 13˚C

Relative Humidity 70 %

Table D1 - Summary of Measurement Conditions
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Table E1 - Measured Goshen Transformer ONAN Sound Pressure Levels

Goshen Wind Farm, 1500886

1/3 Height 2/3 Height

(dBA) (dBA)

1 65 63

2 70 64

3 68 68

4 70 64

5 68 66

6 64 63

7 64 63

8 67 66

9 63 63

10 68 65

11 72 69

12 68 62

13 66 61

14 67 68

15 66 61

16 66 61

17 60 62

18 68 65

19 67 63

20 66 64

21 67 62

22 62 59

23 64 63

24 66 61

25 64 60

26 63 66

27 69 68

Goshen ONAN

Transformer Audit Dimensions

Height 4.1 m

Perimeter 26 m

Top Area 33.8 m
2

Surface Area 140.4 m
2

Position of Measurement



Table E2 - Measured Goshen Transformer ONAF Sound Pressure Levels

Goshen Wind Farm, 1500886

1/3 Height 2/3 Height

(dBA) (dBA)

1 69 69

2 72 69

3 68 69

4 71 68

5 69 67

6 67 65

7 65 66

8 71 68

9 69 69

10 73 72

11 74 72

12 71 72

13 71 73

14 71 71

15 71 72

16 71 72

17 73 73

18 73 74

19 74 75

20 74 75

21 73 74

22 72 73

23 72 73

24 71 72

25 72 73

26 71 71

27 70 70

28 71 70

29 72 72

Goshen ONAF

Transformer Audit Dimensions

Height 4.1 m

Perimeter 28 m

Top Area 46.8 m
2

Surface Area 161.6 m
2

Position of Measurement
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